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Abstract—We propose a novel JPEG XT image compression
with hue compensation for two-layer HDR coding. LDR images
produced from JPEG XT bitstreams have some distortion in hue
due to tone mapping operations. In order to suppress the color
distortion, we apply a novel hue compensation method based
on the maximally saturated colors. Moreover, the bitstreams
generated by using the proposed method are fully compatible
with the JPEG XT standard. In an experiment, the proposed
method is demonstrated not only to produce images with small
hue degradation but also to maintain well-mapped luminance,
in terms of three kinds of criterion: TMQI, hue value in
CIEDE2000, and the maximally saturated color on the constant-
hue plane.
Index Terms—Hue compensation, JPEG XT, Two-layer coding,
Tone mapping, Color correction, Maximally saturated color
I. INTRODUCTION
The interest of high dynamic range (HDR) imaging has
recently been increasing in various area: photography, medical
imaging, computer graphics, on vehicle cameras, astronautics.
HDR images have the information of the wide dynamic range
of real scenes. However, commonly used display devices
which can directly represent HDR images are not popular
yet. Therefore, various two-layer encoding method to generate
bitstreams with base layer and residual layer, have been
proposed for compressing HDR images [1]–[7]. ISO/IEC JTC
1/SC 29/WG 1 (JPEG) has developed a series of international
standards referred to as the JPEG XT [8]–[12]. The JPEG XT
has been designed to be backward compatible with the legacy
JPEG standard with two-layer coding.
For the base-layer coding, a low dynamic range (LDR)
image is generated by a tone-mapping operation (TMO). In
the operation, the range of the luminance of an HDR image
is compressed by using a tone-mapping (TM) operator, and
then an LDR image is produced by combining the compressed
luminance and the color information of the original HDR
image. However, TMOs only focusing on the luminance cause
image colors to be distorted as pointed out in [13]–[17].
In this paper, we propose a novel JPEG XT image compres-
sion with hue compensation for two-Layer HDR coding. The
proposed compensation method utilizes the hue information
based on the maximally saturated colors [18], for suppressing
color distortions due to the influence of TMOs.
To evaluate the effectiveness of the proposed method, we
perform a number of simulations. In the simulations, the
proposed method is compared with conventional TMOs in
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Fig. 1. Block diagram of proposed two-layer coding. Thick frame boxes are
modification parts from a JPEG XT encoder.
terms of the hue difference used in CIEDE2000 [19], the
maximally saturated color difference, and Tone Mapped image
Quality Index (TMQI) [20].
II. PROPOSED METHOD
A. Overview
As shown in Fig. 1, a JPEG XT bitstream consists of
base layer and residual layer. A tone-mapped LDR image is
decoded from the base layer, and an HDR image is decoded
by using both layers. However, the LDR image includes some
hue distortion due to the influence of TMO. In order to
suppress the hue distortion, we apply a hue compensation
process based on the constant hue plane in the RGB color
space before encoding LDR images. In the hue compensation
process, a hue compensated image X ′L is generated by using
an LDR image XL and the maximally saturated colors of the
original HDR image. In addition, inverse TMO (TMO′−1 in
Fig. 1) is modified according to the hue compensation. These
modifications are applied to only the JPEG XT encoder, and
moreover generated bitstreams are fully compatible with the
JPEG XT standard. As a result, LDR and HDR images are
decoded from the bitstreams by using the standard JPEG XT
decoder without any modification.
B. Constant hue plane
We focus on the constant hue plane in the RGB color space
[18]. An input image XL is a 24-bit full color LDR image
and each pixel of the image is represented as x ∈ [0, 1]3.
xr, xg , and xb are the R, G, and B components of a pixel x,
respectively. In the RGB color space, a set of pixels which has
the same hue forms a plane, called constant hue plane. The
shape of the constant hue plane is the triangle whose vertices
correspond to white (w = (1, 1, 1)), black (k = (0, 0, 0)) and
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the maximally saturated color (c) with the same hue as x. On
the constant hue plane, a pixel x = xrr + xgg + xbb can be
represented as a linear combination as
x = aww + akk + acc, (1)
where  aw = min(x)ak = max(x)−min(x)
ac = 1−max(x)
, (2)
and max(·) and min(·) are functions that return the maximum
and minimum elements of the pixel x, respectively. Since w,
k, c and x exist on the plane and x is an interior point of w,
k and c, the following equations hold.
aw + ak + ac = 1, (3)
0 ≤ aw, ak, ac ≤ 1. (4)
Moreover, the maximally saturated color c = (cr, cg, cb) is
given by cr = (xr −min(x))/(max(x)−min(x))cg = (xg −min(x))/(max(x)−min(x))
cb = (xb −min(x))/(max(x)−min(x))
. (5)
From Eq. (5), the elements of c corresponding to the maximum
and minimum elements of the pixel x become 1 and 0,
respectively.
We consider the same pixel representation on the constant
hue plane for HDR images and discuss the relation between
HDR images and LDR ones. Each pixel of an HDR image
XH is represented as xH = (xHr, xHg, xHb) where xHr,
xHg , and xHb are generally real numbers. As well as LDR
images, we define white, black and the maximally saturated
color as w = (1, 1, 1), k = (0, 0, 0) and cH , where cH is
calculated from Eq. (5) by replacing x with xH , and then the
pixel value xH is also represented as a linear combination as
xH = aHww + aHkk + aHccH , (6)
where aHw, aHk and aHc are coefficients calculated from xH ,
and the maximally saturated color cH = (cHr, cHg, cHb) is
given by cHr = (xHr −min(xH))/(max(xH)−min(xH))cHg = (xHg −min(xH))/(max(xH)−min(xH))
cHb = (xHb −min(xH))/(max(xH)−min(xH))
.
(7)
.
In general, cH = c is not satisfied, because some hue
distortion occurs due to the influence of TMO. Therefore, to
correct the hue distortion, we replace x with x′ as,
x′ = aww + akk + accH
= x′rr + x
′
gg + x
′
bb, (8)
where 
x′r = aw + ac · cHr
x′g = aw + ac · cHg
x′b = aw + ac · cHb
. (9)
This process corresponds to ‘Hue Compensation’ in Fig. 1.
Note that x′ and xH are on the same constant hue plane.
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g = (0, 1, 0)
<latexit sha1_base64="rsR1L1RmOd8Wsk8VXZeoAPegFow=">AAACl3ichV FdKwRRGH6M7/WxixtyM9mI0vYOipQoJZd2WRTaZsbZNe18NTO7YfMH/AEXSlFCfoAf4MYfcLE/QS4pNy68OzslhPd0znnOc97nPefp1VzT8AOiaoPU2NTc0trW Huvo7OqOJ3p6132n5Okiqzum421qqi9MwxbZwAhMsel6QrU0U2xoxcXa/UZZeL7h2GvBgSt2LLVgG3lDVwOmconebc2qFI7kOXmUxmVlXKaxXCJJKQpD/gmUCC QRxYqTuMM2duFARwkWBGwEjE2o8HlsQQHBZW4HFeY8RkZ4L3CEGGtLnCU4Q2W2yGuBT1sRa/O5VtMP1Tq/YvL0WCljmB7phl7ogW7pid5/rVUJa9T+csC7VtcKN xc/7l99+1dl8R5g71P1h0Lj7L89BchjJvRisDc3ZGou9Xr98uHJy+psZrgyQhf0zP7OqUr37NAuv+qXaZE5RYwbpHxvx0+wPpFSJlOUnkouUNSqNgxiCKPcj2k sYBkryPK7+zjDFa6lAWleWpKW66lSQ6Tpw5eQ0h+LlpTD</latexit>
Fig. 2. Constant hue plane in the RGB color space
C. Procedure of hue compensation
The procedure of the proposed method shown in Fig. 1 is
shown as follows.
1) Generate an LDR image XL by using a TMO.
2) Calculate aw, ak, and ac for each pixel value x of XL
by Eq. (2).
3) Calculate cH for each pixel value xH of the original
HDR image XH according to Eq. (7).
4) Generate a compensated image X ′L by Eq. (8).
5) Input X ′L to a JPEG XT encoder.
III. EXPERIMENTAL RESULTS
A. Hue distortion
We used five HDR images selected from an HDR image
database [21]. We adapted two objective metrics to evaluate
hue distortion caused in TMOs under the use of three TMOs:
JPEG XT default TMO, Reinhard’s local operator [22], and
Drago’s TMO [23]. One is ∆c, which is the average of
euclidean norms of the maximally saturated colors cH and c.
The other is the hue differences defined in CIEDE2000 ∆H ,
which was published by the CIE [19].
Table I shows evaluation results in terms of the objective
metrics. In the table, the proposed method outperformed the
conventional JPEG XT bitstreams for both TMOs. Therefore,
the proposed method is demonstrated to be effective for
improving hue distortion in terms of not only ∆c but also
∆H .
B. Influence on tone mapping
Next, we evaluate the quality of tone-mapped LDR images
in terms of TMQI. From Tab. II, the proposed method is
shown to offer almost the same TMQI scores as those of the
conventional bitstreams. The results show that the proposed
one allows us to compensate hue distortion, while maintaining
TM performances.
C. Visual evaluation
We used two HDR images, ‘McKeesPub’ and ‘WillyDesk’,
to visually evaluate the quality of images. The images were
encoded by the proposed encoder and the conventional JPEG
XT one, respectively. In this experiment, the default TM
operator of JPEG XT was used as a TM operator. Figure 3
TABLE I
HUE DISTORTION (QUALITY FACTOR q = 80)
(a) JPEG XT default
∆c ∆H
Images Conventional Proposed Conventional Proposed
McKeesPub 0.135793 0.059346 8.909750 4.468197
BloomingGorse2 0.144254 0.063077 9.580835 3.446832
WillyDesk 0.093953 0.082277 1.576254 0.859007
CanadianFalls 0.152728 0.127771 1.964077 1.388976
YosemiteFalls 0.127535 0.105994 4.382326 2.791083
(b) Reinhard’s local
∆c ∆H
Images Conventional Proposed Conventional Proposed
McKeesPub 0.135598 0.045975 14.294454 4.775688
BloomingGorse2 0.093910 0.043285 8.098938 3.313652
WillyDesk 0.081648 0.057996 2.64185 0.899966
CanadianFalls 0.101548 0.084915 1.686966 1.243498
YosemiteFalls 0.095419 0.077479 5.07198 2.921161
(c)Drago TMO
∆c ∆H
Images Conventional Proposed ConventionalProposed
McKeesPub 0.200437 0.052533 16.642008 4.261362
BloomingGorse2 0.255610 0.156782 11.268738 2.947961
WillyDesk 0.196852 0.178788 1.486648 0.889389
CanadianFalls 0.394086 0.372989 1.784205 1.155001
YosemiteFalls 0.290870 0.265017 3.629349 2.340995
TABLE II
TONE MAPPING IMAGE QUALITY INDEX (TMQI)
(a) JPEG XT default
Images Conventional Proposed
McKeesPub 0.745649 0.748897
BloomingGorse2 0.892965 0.898172
WillyDesk 0.698159 0.700518
CanadianFalls 0.849512 0.853757
YosemiteFalls 0.895106 0.896661
(b) Reinhard’s local
Images Conventional Proposed
McKeesPub 0.786303 0.782583
BloomingGorse2 0.953723 0.958084
WillyDesk 0.765819 0.766119
CanadianFalls 0.935495 0.937796
YosemiteFalls 0.976044 0.975148
(c) Drago TMO
Images Conventional Proposed
McKeesPub 0.787873 0.795471
BloomingGorse2 0.818499 0.843880
WillyDesk 0.712146 0.717335
CanadianFalls 0.816237 0.818759
YosemiteFalls 0.809861 0.815588
shows decoded LDR images, where (a) and (b) were results
produced by using the conventional approach, and (c) and (d)
were generated by using the proposed one. From the result,
we can confirm there are color differences in some places.
To more clearly demonstrate the differences, maximally
saturated color images are shown in Fig. 4. The proposed
method is demonstrated to have closer maximally saturated
colors to those of the HDR images than the conventional
method.
Figure 5 shows euclidean norms of the maximally saturated
color cH and c. From these figures, the proposed method is
also demonstrated to be effective in reducing hue distortion.
(a) Conventional (McKeesPub) (b) Conventional (WillyDesk)
(a) Proposed (McKeesPub) (b) Proposed (WillyDesk)
Fig. 3. Decoded LDR images
(a) HDR image (McKeesPub) (b) HDR image (WillyDesk)
(c) Conventional (McKeesPub) (d) Conventional (WillyDesk)
(e) Proposed (McKeesPub) (f) Proposed (WillyDesk)
Fig. 4. Maximally saturated color images generated from original HDR
images and decoded LDR ones
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Fig. 5. Difference of the maximally saturated color cH with cD with JPEG
XT default TMO
IV. CONCLUSION
In this paper, we proposed a novel two-layer HDR coding
method to reduce hue distortion of LDR images due to the
influence of TMO. The proposed method enables us to com-
pensate the hue distortion under the use of any TM operator,
while maintaining well-mapped luminance. In addition, the
proposed one has compatibility with JPEG XT bitstreams.
Experimental results showed the effectiveness of the proposed
method in terms of three objective metrics: ∆c, ∆H , and
TMQI.
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